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ABSTRACT

Age composition and run strength data for early and late-run Kenai River
chinook salmon Oncorhynchus tshawytscha from 1976 through 1990 are compiled to
be available for future estimation of return per spawner ratios. Return per
spawner ratios can not be calculated for any brood years to date because
spawning escapement can only be estimated for returns beginning in 1985,
however, the effect of strong brood years can be followed across years in the
data we have now.

In 1986 through 1990, both the early and late runs of Kenai River chinook
salmon have been dominated by age 1.3 and age 1.4 fish. The total run
strength of the early run of chinook salmon to the Kenai River from 1985 to
1990 has ranged from 27,080 fish in 1986 to 10,808 in 1990. Complete brood
year returns are only available for 1982 and 1983 brood years; these were
30,970 and 16,911 fish respectively. The return from the 1981 brood year was
at least 28,923, with the abundance of age 4 unknown. The large returns from
the 1981 and 1982 brood years were largely responsible for the strength of the
early run in the Kenai River in 1986 through 1988.

The total run strength of the late run from 1985 through 1990 has ranged from
39,656 chinook salmon in 1990 to 79,837 in 1986. For the late run, the 1981
brood year return was at least 92,586, with the abundance of age 3 and age 4
fish unknown, and the return from the 1982 brood year was 90,723 with the
abundance of age 3 fish unknown. As for the early run, the 1981 and 1982
brood years are responsible for the large late runs of chinook salmon in the
Kenai River in 1986 through 1988.

KEYWORDS : Kenai River, chinook salmon, Oncorhynchus tshawytscha, age
composition, return per spawner.



INTRODUCTION

The Kenai River is a glacial stream located in southcentral Alaska on the
Kenai Peninsula. The Kenai River supports the largest sport fishery in Alaska
(Mills 1990), with chinook salmon Oncorhynchus tshawytscha being the target of
a large portion of the sport fishing effort. The sport harvest of chinook
salmon from the Kenai River is the largest in the state, with a record harvest
of 41,961 fish in 1988 (Hammarstrom 1989).

The Kenai River has two stocks of chinook salmon: an early run which enters
the river from mid-May until late June, and a late run which enters the river
from late June through early August (Burger et al. 1985). In 1988, the Alaska
Board of Fisheries chose to delineate the early and late runs arbitrarily at 1
July for the purpose of stock allocation and in-season management. Although
the definitions of the early run (mid May to 30 June) and the late run (1 July
to mid August) are convenient representations of the timing of the runs, in
reality there is overlap in their timing.

Management of the recreational fishery for chinook salmon in the Kenai River
is complicated by the relatively large harvests of Kenai River chinook salmon
by sport and commercial fisheries in the marine waters of Cook Inlet. By
1988, the growth of the major fisheries that harvest Kenai River chinook
salmon fueled severe allocation disputes and heightened both public and agency

concerns that stocks were vulnerable to over-exploitation. To address these
concerns, in December of 1988 the Board of Fisheries adopted management plans
for the early and late returns of chinook salmon to the Kenai River. These

plans stipulate both the specific escapement goal by which the fisheries will
be managed, and the manner in which selected fisheries are to be managed in
the event of a conservation shortfall. The Kenai River chinook salmon fishery

has been managed on the basis of these mangagement plan escapement goals since
1989.

The Board set the escapement goals at 9,000 spawning fish for the early run,
and 22,300 for the late run. Determination of escapement goals for Pacific
salmon is largely a matter of compiling return statistics and estimating the
resulting production from a given brood or escapement. For the Kenai River, a
simple model to estimate the necessary escapement to produce a desired level
of return was used (McBride et al. 1989):

Escapement Goal = Desired Total Return / Average Rate of Return per Spawner.
The key parameter in this model is the average rate of return per spawner. In
order to estimate average return per spawner, managers must have several years
of known spawning escapements, coupled with known returns from those
escapements. Such a data base was not available for the Kenai River in 1988,
so an average rate of return of 3 to 1 was chosen as the most likely estimate
of long term production, based on available information from other west coast
chinook salmon stocks (McBride et al. 1989). This 3 to 1 ratio was used in
conjunction with known returns from 1984 through 1988 to determine the
escapement goals included in the early and late-run management plans.

It is, of course, more desirable to base escapement goals (and therefore
management of the fishery) on known return per spawner ratios from the Kenai
River. With this in mind, a program was begun in 1984 to estimate the total



return and spawning escapement by age class of chinook salmon in the Kenai
River.

The objective of this report is to compile historic age composition, harvest,
and escapement data. This report is intended to serve as a baseline reference
document and starting point for future return-per-spawner analysis.

METHODS

Chinook salmon pass through the marine waters of Cook Inlet and return to the
Kenai River during May through August. The fisheries to which they may be
vulnerable in Cook Inlet include the recreational fishery off the mouth of
Deep Creek from May through July, the commercial drift net fishery targeting
sockeye salmon Oncorhynchus nerka during July and August, and the commercial
set net fishery along the east side of Cook Inlet, also targeting sockeye
salmon during July and August. Once the runs enter the Kenai River, they are
vulnerable to in-river sport and subsistence fisheries.

Estimation of Total Run Strength and Escapement

Total run strength of chinook salmon is defined as the total number of mature
fish from all brood years that return in a single year (for instance all the

chinook salmon that return in 1985). Escapement is defined as those salmon
which escape all marine and in-river fisheries and, therefore, are potential
spawners. Total brood year return is defined as the total number of mature

chinook salmon that are produced from the spawning escapement.

In order to estimate run strength, the harvest in each of the marine and in-
river fisheries must be estimated, as well as the final spawning escapement.

Early Run:

Early-run fish are harvested in both marine and freshwater fisheries. Marine
harvests are from mixed-stock recreational fisheries. The largest marine
sport fishery occurs during May and June in waters off of Deep Creek (Figure
1) and has averaged approximately 2,500 fish since 1972 (Hammarstrom and
Larson 1986, Hammarstrom et al. 1987, Mills 1988-1990). The harvest consists
of a mix of stocks that originate from throughout Upper Cook Inlet, and the
contribution of early-run fish from the Kenai River 1is wunknown. A large
number of other stocks of upper Cook Inlet origin are available at the Deep
Creek Fishery during this time; in particular, stocks destined for the Susitna
River (Figure 1), which outnumber early-run Kenai River stocks by an order of
magnitude (McBride et al. 1985). Other stocks of similar run timing that are
likely contributors include those bound for the Anchor River, Deep Creek,
Ninilchik River, and Kasilof River. Given these factors, it is unlikely that
an accounting of the contribution of early-run Kenai River fish in the Deep
Creek fishery would alter any conclusions regarding stock status (McBride et
al. 1989). We therefore chose not to include any of the early-run Deep Creek
harvest in our estimates of total return.
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Figure 1. Map of Cook Inlet showing commercial fishing areas and
the Kenai River.




Migration of early-run fish is relatively unimpeded from the Deep Creek
fishery until they enter the lower Kenai River. Near the mouth of the river a
few chinook salmon have been harvested since 1989 by educational gill nets.
This harvest is taken by native Kenaitze tribal members as a subsitiute for a
subsistence harvest. This harvest may increase as legal subsistence fishing
rights for Kenai River stocks are established, but through 1990 the reported
harvest has been less than 100 fish.

Total in-river return above the educational gill nets has been estimated by
two independent methods, tagging and hydroacoustic assessment (sonar), since
1984. A mark-recapture tagging study was initiated for the late run in 1984
and was expanded to include the early run in 1985 (Hammarstrom et al. 1985,
Hammarstrom and Larson 1986, Conrad and Larson 1987, Conrad 1988, Carlon and

Alexandersdottir 1989, Alexandersdottir and Marsh 1990). Fish to be tagged
were captured with drift gill nets in the lower portion of the river and
subsequently recaptured in the in-river sport fishery. The tagging project

continued from 1985 through 1990, but in 1990 closures of the in-river sport
fishery resulted in very few recaptures of tagged fish and therefore no
estimate of abundance from tagging was made.

The feasibility of using hydroacoustics (sonar) to estimate in-river return
was investigated beginning in 1984, although the first useable estimates were
only achieved during the late run of 1987. Sonar has since been accepted as
the best estimate of in-river abundance. Currently, estimates of variance are
not available for these estimates however, a large fraction of the migration
(approximately 33%) is sampled by this gear and the variances for the seasonal
estimate of abundance is low relative to the estimate (D. Burwen, Alaska
Department of Fish and Game, Anchorage, personal communication). Estimates of
total run strength for the early run are simply the sum of the in-river return
plus the harvest in the educational gill nets.

Estimates of the in-river sport harvest are available from on site creel
surveys since 1974 (Hammarstrom 1974-1981, 1988-1991; Hammarstrom and Larson
1982-1984, 1986; Hammarstrom et al. 1985; Conrad and Hammarstrom 1987).
Annual harvest of the early run in this fishery has averaged 5,000 fish since
1974 and a record harvest of 13,281 fish was taken in 1987. Total release of
early-run fish in the sport fishery has been estimated since 1986, and has
ranged from 3,200 to 5,900 fish annually. The rate of mortality due to hook
and release during the early run was measured in 1990 and 1991 (Bendock and
Alexandersdottir 1991, and In prep) and averaged 6.4%Z (SE=3.4). Spawning
escapement is the difference between the total in-river return and the sport
harvest (including hooking mortality).

Late Run:

Late-run Kenai River chinook salmon are harvested in several marine fisheries
in addition to the freshwater sport fishery. Most of the marine harvest of
late-run fish occurs during July and early August in the commercial set gill
net fishery along the east side of upper Cook Inlet (Figure 1). Harvests from
commercial fisheries are measured through sales receipts (fish tickets).
Estimates of stock contribution to this fishery are available only for 1984
(McBride et al. 1985). During 1984, the contribution of late-run Kenai River



chinook salmon to the 3-ocean and 4-ocean components of the set net harvest
was estimated to be 79%. Those age components comprised 70% of the harvest
during that year. Given this estimate, we consider the contributions of other
stocks to this fishery to be inconsequential and have not attempted to
partition the harvest by stock (McBride et al. 1989). Reported harvests in
the set net fishery have been declining since 1985, and have averaged roughly
14,000 chinook salmon (Table 1). Harvests in the upper Cook Inlet drift net
fishery are also believed to be comprised primarily of late-run Kenai River
origin, and have averaged roughly 2,000 fish since 1985. A small number of
chinook salmon are caught by commercial fishermen and retained for their own
use; the reported harvest was only 4 fish in 1989, and in 1990 it was 91 fish.

Sport harvest in the Deep Creek marine recreational fishery during July also
probably consists primarily of late-run Kenai River fish (McBride et al.
1989). The chinook salmon harvest in the Deep Creek marine sport fishery has
been estimated since 1972 (Hammarstrom and Larson 1986, Hammarstrom et al.
1987, Mills 1988-1990). From 1972 through 1986, harvest was estimated via an
on-site creel survey, yielding estimates of early and late-run chinook salmon

harvest. From 1987 through 1990, harvests were estimated via a state-wide
postal harvest survey. The state-wide postal survey yields estimates for the
entire season, not segregated into early and late runs. We segregated

estimates from the state-wide postal survey into early and late runs using the
mean contribution of each run to the total harvest from 1972 through 1986.
Estimates of the variance associated with the harvest estimates from the creel
survey are only available for 1987. Variance estimates were not calculated
for the state-wide postal survey estimates.

As with the early run, small numbers of late-run fish are harvested by native
educational gill nets in the lower river. This harvest has taken place since
1989 and, to date, has been less than 50 fish each year (S. Hammarstrom,
Alaska Department of Fish and Game, Soldotna, personal communication).

Total in-river return above the educational gill nets for the late run has
been estimated as for the early run with a mark-recapture tagging project and
sonar counts. Estimates from the mark-recapture tagging project for the late
run are available for 1984 through 1989 (Hammarstrom et al. 1985, Hammarstrom
and Larson 1986, Conrad and Larson 1987, Conrad 1988, Carlon and
Alexandersdottir 1989, Alexandersdottir and Marsh 1990). Estimates from the
sonar project are available from 1987 through 1990, and are the considered the
best estimates of in-river abundance for year they are available. The total
in-river return has ranged from 29,035 to 57,563 from 1984 through 1990 (Table
1). Estimates of total run strength for the late run are the sum of the
commercial set net harvest, the commercial drift net harvest, the Deep Creek
marine recreational harvest, the educational gill net harvest, and the in-
river return (Table 1).

Estimates of the in-river sport harvest of the late run are available since
1974 (Hammarstrom 1974-1981, 1988-1991; Hammarstrom and Larson 1982-1984,
1986; Hammarstrom et al. 1985; Conrad and Hammarstrom 1987). Harvest of the
late run in this fishery has averaged roughly 7,000 fish since 1974 and peaked
at 17,512 in 1988. Total release in the sport fishery has been estimated
since 1986 and has ranged from 2,390 to 6,372. The rate of mortality due to



Table 1. Total return and spawning escapement for Kenai River chinook salmon, 1984-1990.

Commercial Hook and
Deep Creek Set net Drift net Personal  Educational In-River Total Sport Release Spawning
Year Marine Harvest Harvest Use Gill Net Return Return Harvest Mortality?@ Escapement
Early Run
1985 15,972 15,972 7,971 Nab 8,001
1986 27,080 27,080 7,561 292 19,227
1987 25,643 25,643 13,281 374 11,988
1988 20,880 20,880 12,747 377 7,756
1989 73 17,992 18,065 7,256 169 10,640
1990 40 10,768 10,808 1,735 285 8,788
Late Run
1984 835 6,165 1,377 39,172°¢ 47,549 7,376 NaP 31,796
1985 1,731 17,723 2,046 29,763 51,263 8,055 NaP 21,708
1986 630 19,810 1,834 57,563 79,837 9,004 522 48,037
1987 1,097 20,588 4,551 48,123 74,359 12,237 368 35,518
1988 1,262 12,870 2,217 52,008 68,357 17,512 472 34,024
1989 1,294 10,919 0 22 29,035 41,270 9,127 327 19,581
1880 1,318 4,139 621 91 13 33,474 39,656 6,247 141 27,086

See Appendix A7 and Appendix Bl4.
b  Estimates of sport catch, and therefore of hook and release mortality, are not available for
1984 and 1985.
Does not include returns after 31 July. Hammarstrom et al. (1985) estimated that the August
segment of the run was 25% of the July segment, or 9,783 fish.



hook and release during the late run was measured in 1989 and 1990 (Bendock
and Alexandersdottir 1990, 1991), and averaged 8.3% (SE=3.3). Spawning
escapement is the difference between the total in-river return and the sport
harvest (including hooking mortality).

Estimation of Brood Year Returns

Kenai River chinook salmon spend O to 2 (usually 1) years in fresh water and 1
to 6 years in salt water, but three age classes, 1.3-1.51 (one freshwater
winter and three to five saltwater winters, or 4-6 total years) make up the
majority of the return. Inputs to estimate total return from any brood year
are estimates of numbers by age of Kenai River chinook salmon in significant
marine commercial and sport fisheries and from the in-river return over
several years. Age composition samples are taken annually from many sport and
commercial chinook salmon fisheries in Cook Inlet. Age compositions are known
to change within a season, so most samples for age composition are stratified
by some combination of weeks within the season.

Deep Creek Marine Sport Fishery:

The age composition of the late-run sport harvest in the Deep Creek marine
sport fishery was published annually from 1976 through 1986 (Hammarstrom 1977
- 1981; Hammarstrom and Larson 1982 - 1984, 1986; Hammarstrom et al. 1985,
1987). For years after 1986, we used the age composition from the Kenai River
late-run sport harvest to estimate harvest of each age class at Deep Creek.
For 1983 through 1986, the age compositions of the late-run Deep Creek marine
harvest and the late-run Kenai River sport harvest were not significantly
different at ¢« = 0.05 in any year.

Letting pyq equal the estimated proportion of age class a in a sample, the
variance of p, g was estimated as:

A A A A
V(pad) = (Pad) (1-Paq) / (n-1) , (1)
where:
A
Pag = the estimated proportion of age class a in the Deep Creek sample,
and
n = the number of chinook salmon sampled for age.

The number of chinook salmon in the Deep Creek harvest in each age class was
then estimated by:

A A A
Haqg = PagHa (2)

Where:

1 Age class is defined using the European system (Koo 1962), where the first
number represents the number of freshwater winters and the second number
represents the number of saltwater winters. The total age of the fish at
return is the sum of the freswater and saltwater winters plus one.
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the estimated number of fish in the Deep Creek harvest in age
class a for a run,

ad

T
=¥
I

the estimate of total late-run harvest from Deep Creek.

From the method of Goodman (1960), the variance of H 43 is equal to:

A A AN AN o AA Ay AN AA
V(Hzq) = V(Hg)pad” + V(Paa)Ha ™ - VH@)V(pagq) - (3)

For years with no estimate of the variance of the harvest, the harvest was
treated as a constant and the above formula reduces to the formula for the
variance of a constant times a random variable:

A A A A 2

V(Haq) = V(pag)Ha- (4)
This is an underestimate of the variance of H,g4.
Commercial Fisheries:

The age composition of chinook salmon in the commercial set net fishery has
been estimated since 1983 (Cross 1985, Cross et al. In Press, Waltemyer 1989,
D. Waltemyer, Alaska Department of Fish and Game, Soldotna, personal
communication). No age composition information is available for the Central
District drift net fishery, so the set net age compositions were applied to
the drift net harvest.

The proportion of each age class in each sampling strata and its variance was
calculated as for the Deep Creek data, wusing equations 1, 2, and 4,
substituting commercial harvest from fish tickets for the sport harvest (Hy)

The number of fish in each age class for all strata combined was simply the
sum of the number of fish in each strata. The variance was also summed across
strata. The proportion of fish in each age class for all strata combined was:

A A s
Pac = Hae / = Heg (5
where:
A -
Hy. = The estimate of the number of fish in age class a for all strata
combined in the commercial set net harvest, and
H.x = The number of fish in the commercial set net harvest in strata k,
and,
s = The total number of strata.

With variance (Scheaffer et al. 1979):



A A 5 AA m 9
V(pac) = = V(Hack) / (Z Hck) , (6)
k=1 k=1

where:

Hyox = the estimated commercial set mnet harvest of age class a in
strata k.

The proportions of each age class in all strata combined in the commercial set
net harvest were used to estimate the harvest of each age class in the drift
net harvest and in the commercial personal use harvest (which were not
sampled).

A A
Haf = PacHf (7)
where:
A 3 - - -
Hyf = the estimated harvest of age class a in the commercial drift net
or commercial personal use fishery, and
Hg = the total harvest in the commercial drift net or commercial

personal use fishery.

The variance of Hyf is calculated as for the Deep Creek marine sport harvest
(equation 4), substituting p,. for pyq and Hf for Hy.

Educational Gill Nets:

No age composition samples have been taken from the harvest in the educational
gill nets. For the early run we assumed that the age composition of the
educational gill net harvest was the same as the age composition of the in-
river return. For the late run, we assumed the age composition was the same
as the commercial set net harvest. Total harvest by age class was calculated
as for the Deep Creek harvest, substituting the proportion from either the in-
river return or the commercial set nets for P4, and the total educational
gill net harvest for Hg.

In-River Return:

Estimates of age composition of the in-river return from the mark-recapture
project sampling are available since 1986 and are published in the same
reports as the mark-recapture population estimates (Conrad and Larson 1987,
Conrad 1988, Carlon and Alexandersdottir 1989, Alexandersdottir and Marsh
1990).

The proportion of each age class and the number of fish in each age class in
each sampling strata of the in-river return and their variances were
calculated as for the Deep Creek marine data, using equations 1-3. For strata
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in which the sonar counts were used to estimate the in-river return, the
return is treated as a constant and equation 4 is used to estimate the
variance.

Estimates of the number of fish in each age class and their variances for each
sampling strata were then summed across strata to give estimates of in-river
return by age class for the entire run.

Kenai River Sport Harvest:

The number of fish of each age class in each sampling strata of the Kenai
River sport harvest and its variance were calculated as for the Deep Creek
marine data, using equations 1-3, substituting Kenal River sport harvest for
the Deep Creek marine sport harvest. Estimates of harvest by age class and
their variances were summed across strata. The proportion of fish in each age
class for all strata combined was calculated as for the commercial set net
data, using equations 5 and 6.

Hook and Release Mortality:

The rate of mortality among fish caught and released during the sport fishery
is known to vary by sex and size of fish (Bendock and Alexandersdottir 1990,
1991). The age composition of these mortalities is unknown, so we did not
attempt to apportion the mortalities among age classes.

Spawning Escapement:

Spawning escapement by age was calculated by subtracting the sport harvest for
each age class from the in-river return. In cases where this resulted in a
negative number for minor age classes, the spawning escapement was set to
zero. The variance of the spawning escapement was calculated as the sum of
the variance of the sport harvest and the variance of the in-river return for
each age.

Relationships Between Ages Within a Brood Year

Age structure 1is a conservative trait in salmonids, the age <classes
represented within brood years in a stock do not change drastically across
years. The distribution of numbers returning in each age class within a brood
year may also be a stable character within a stock. This relationship between
ages within a brood year, or sibling relationships, may be used to estimate
expected return in future years for a brood year.

A sibling ratio, r,, is the ratio of one age to one or more younger ages in a
brood year. For any brood year b, the number that have returned to date is:

a-1

- %, n5p (9)

n.b J=3

where,
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nip, = number returning at age j (j begins at 3 since no Kenai River fish
return at ages younger than 3),

and the sibling ratio of the abundance returning at age a to the total
abundance of preceding ages in a brood year is,

Tah = Ngh/N.p (10)
where,

ngp = number returning at age a.

The variance of the sum of abundances at ages 3 to a-1 is the sum of the
variances of each abundance at age:

a-1
Vin.p] = = V[njb] (11)
j=3

and the variance of the sibling ratio is:

2 Vingp] V[n ]
Virapl=tap ( 7 +
Nabp n.2

) . (12)

Sibling ratios for each age can be estimated for all brood years for which
data are available and an average ratio estimated, by:

m
Ty, =2 T,/ M (13)

where,_
m = number of brood years for which r, is available.

The complete variance for the sibling ratio for age a is:

I ™MB

(ap - ;a)z V[rap]

b=1 b=1
V[irgl= + . (14)
m(m-1) m

M8

The second component accounts for variation from estimated age compositions
while the first represents variation among brood years.

The expected return in year k of fish of age a from brood year b can be

estimated using this ratio and the sum of returns from brood year b in
previous years. The return to date is estimated by:
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a
b =3 njp (15)

and the expected return at age a is estimated by:

A - A
Ngh = I'gh N p (16)
and its variance by:
A2 A _ A2 _ A
Vingpl=ropVin.p1 + V[rgyl n.yy - Virgpl Vin.gl . (17)

We used mean sibling ratios to estimate the 1990 run strength, and compared
this estimate to the known 1990 run strength. A predictive model of returns
should not include as a variable the sibling ratios calculated from the
predicted year's returns. Thus, only the mean of the sibling ratios from 1985
through 1989 returns was used to estimate the 1990 expected returns. The
expected returns for 1991 were estimated using the mean of the sibling ratios
from 1985 through 1990 returns.

RESULTS

Early Run

The total run strength has ranged from 27,080 chinook salmon in 1986 to 10,808
in 1990 (Table 1). Age 1.4 fish usually dominate the in-river return and
spawning escapement (Tables 2 and 3 and Appendices Al-A5). The only exception
was in 1986 when age 1.3 fish were more numerous. The dominant age class in
all years in the sport fishery has been 1.4 (Table 4, Appendix A6).

Complete brood year returns for the early-run chinook salmon are only
available for the 1982 and 1983 brood years; these were 30,970 and 16,911
fish, respectively (Table 5). The return from the 1981 brood year was at
least 28,923, with the abundance of age 4 fish unknown (Table 5). The
majority of Kenai River early-run chinook salmon return at ages 4 to 7, with
age 6 fish having the largest representation followed by the age 5 fish (Table
5). The large return from the 1981 and 1982 brood years was largely

responsible for the strength of the runs in the Kenai River in 1986-1988
(Table 2).

Sibling ratios from the 1985 through 1990 returns were highly variable (Table
6). The ratio of age 6 to age 5 is of particular interest because these two
ages account for the majority of each brood year’s return. A pattern of high
ratios for brood years with low age 5 return and low ratios for years with
high age 5 returns has begun to develop (Figure 2). If this pattern continues
as we collect more data, a more accurate model of brood year returns may be
developed. The percent difference between observed and expected returns
expressed as a percentage of the expected return ranged from 14-47% for the
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Table 2. Estimates by age class of the total number of early-run Kenai River chinook salmon, 1986-1990.
Age Class
Year 1 1.2 1.3 1.4 1.5 1.6 2.2 2.3 2.4 Total
1986
Estimated Number 0 4,554 11,730 8,880 1,908 0 0 0 7 27,080
SE 1,755 4,239 3,195 703 19 9,799
1987
Estimated Number 0 386 9,653 14,883 589 0 0 31 101 25,643
SE 125 2,080 3,732 226 31 56 5,928
1988
Estimated Number 0 358 3,088 15,077 2,279 57 0 21 0 20,880
SE 97 260 335 237 40 21 0
1989
Estimated Number 0 759 2,853 12,789 1,665 0 0 0 0 18,0652
SE 137 250 311 195 0
1990
Estimated Number 0 800 2,818 6,540 648 0 0 0 0 10,808
SE 133 214 241 114 0

a  Includes 73 fish harvested in educational gill nets.
b Includes 40 fish harvested in educational gill nets.
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Table 3. Estimates by age class of the early-run Kenai River chinook salmon spawning escapement, 1986-
1990.
Age Class Hook and
Total Release
Year 0.3 0.4 0.5 1.1 1.2 1.3 1.4 1.5 1.6 .1 2.2 2.3 2.4 Aged? Mortalityb Total
1986
Estimated Number 0 0 0 0 4,014 8,989 5,289 1,233 0 0 0 0 7 19,519 292 19,227
SE 14 1,757 4,245 3,207 710 19 9,810 161 9,811
1087
Estimated Number 0 0 0 0 273 5,519 6,558 0 0 0 0 31 16 12,362 374 11,988
SE 137 2,117 3,783 264 31 74 5,992 214 5,996
1988
Estimated Number 0 0 0 0 114 1,533 5,061 1,413 57 0 0 21 0 8,133 377 7,756
SE 22 122 325 694 277 40 21 31 722 209 752
1989
Estimated Number 0 0 0 0 518 g38 8,177 1,182 0 0 0 0 0 10,809 169 10,640
SE 56 168 369 519 238 517 100 527
1990
Estimated Number 0 0 0 0 699 2,710 5,222 402 0 0 0 0 0 9,073 285 8,788
SE 142 220 330 140 277 97 293

a For some age classes in some years,
greater than the estimate of the number in the in-river return.
class in this case was set to zero.

the estimate of the number harvested in the sport fishery is

The spawning escapement for the age
When this occurred, the total spawning escapement (calculated by
subtracting total sport harvest from total in-river return) is not the sum of the spawning escapements
across age classes.

b The rate of mortality due to hook and release is known to vary by size and sex of fish, but the exact
age composition of fish killed by hook and release is unknown.



Estimates by age class of the number of early-run chinook salmon harvested in the Kenai

Table 4.
River sport fishery, 1986-1990.
Age Class
Year 0.2 0.3 0.4 0.5 1.1 1.2 1.3 1.4 1.5 1.6 2.1 2.2 2.3 2.4  Total
1986
Estimated Number 0 0 0 0 14 s40 2,741 3,591 675 0 0 0 0 0 7,561
SE 14 89 229 274 100 470
1987
Estimated Number 0 0 0 0 0 113 4,134 8,325 623 0 0 0 0 85 13,281
SE 57 392 621 136 49 871
, 1988
o Estimated Number 0 0 0 0 22 244 1,555 10,016 866 0 0 0 0 44 12,747
' SE 22 74 195 608 143 31 722
1989
Estimated Number 0 0 0 0 79 238 1,903 4,560 476 0 0 0 0 0 7,256
SE 56 97 272 416 137 517
1990
Estimated Number 0 0 0 0 0 98 98 1,295 244 0 0 0 0 0 1,735
SE 50 50 225 81 277




Table 5.

returning 1986-1990 by brood year.

Number of early-run Kenai River chinook salmon

Return at Age

Brood Spawning
Year Escapement 4 5 6 7 8 Total
1978

Estimate NA®

SE

1979

Estimate NA® 1,915 0 1,915
SE 703 703
1980

Estimate Na? 8,880 690 57 9,627
SE 3,195 233 40 3,204
1981

Estimate NA? 11,730 14,914 2,279 0 28,923
SE 4,239 3,732 237 5,653
1982

Estimate NA? 4,554 9,653 15,098 1,665 0 30,970
SE 1,755 2,080 336 195 2,749
1983

Estimate NA? 386 3,088 12,789 648 16,911
SE 125 260 311 114 439
1984

Estimate Na? 358 2,853 6,540 9,751
SE 97 250 241 360
1985

Estimate 8,001 759 2,818 3,577
SE NA 137 214 254
1986

Estimate 19,227 800 800
SE 9,811 133 133
1987

Estimate 11,988 0
SE 5,996

a2  Spawning escapements for 1978 - 1984 are not available.

-17-



Table 6. Sibling return ratios for early-run Kenai River chinook
salmon from brood years 1980-1986.

Brood Age 5/ Age 6/ Age 6/ Age 7/ Age 7/ Age 7/
Year Age 4 Age 5  Age 445 Age 6 Age 546 Age 44546
1980 NAa NA NA 0.08 NA NA
1981 NA 1.27 NA 0.15 0.09 NA
1982 2.12 1.56 1.06 0.11 0.07 0.06
1983 8.00 4.14 3.68 0.05 0.04 0.04
1984 8.00 2.29 2.04 NA NA NA
1985 3.71 NA NA NA NA NA

Mean sibling ratio using 1985-1990 return datab

Mean 5.45 2.32 2.26 0.10 0.06 0.05
SD 3.52 1.35 1.30 0.05 0.03 0.01
%Ccve 65 58 59 54 41 30

Maximum 8.00 4.14 3.68 0.15 0.09 0.06

Minimum 2.12 1.27 1.06 0.05 0.04 0.04

Mean sibling ratio using 1985-1989 return datad

Mean 6.03 2.33 2.37 0.11 0.08 0.06
SD 3.98 1.64 1.87 0.05 0.02

NA = not available.

Used to predict 1991 returns.
Percent coefficient of variation.
Used to predict 1990 returns.

a0 oo
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individual ages and was 28% for the total return. The observed total run
strength was 10,806 for the early run in 1990, which was 4,114 higher than the
expected return of 14,920 salmon (Table 7). The observed return was well
within the confidence of the forecast.

We used sibling ratios estimated from data collected during the 1985 through
1990 seasons to estimate the 1991 early-run return. The expected early-run
return in 1991 is 14,291, with relative precision of the 95% confidence
interval at 48% (Table 7).

Late Run

The total run strength of the late run has ranged from 39,656 chinook salmon
in 1990 to 79,837 in 1986 (Table 1). The spawning escapement has ranged from
19,581 in 1989 to 48,037 in 1986 (Table 1).

Age classes 1.2, 1.3, 1.4 and 1.5 are the major age classes in the late runm,
although a wide range of age classes are represented (Tables 8-11, Appendices
B1-B12). The 1.4 age class was the most numerous in all years except 1986
when, as in the early run, age 1.3 returned in higher numbers (Tables 8-11).
The spawning escapements were also dominated by age 1.4 except in 1986 (Table
12). Age 1.4 was the dominant age class in the in-river sport harvest for all
years from 1986-1990 (Table 13, Appendix B13). Age 1.4 in 1988 was the
largest age class for all years in the in-river sport harvest.

The majority of Kenai River late-run chinook salmon return at ages 4 to 7,
with age 6 fish having the largest representation followed by the age 5 fish
(Table 14). A few age 3 and age 8 chinook salmon have been identified in the
late run. The return from the 1981 brood year was at least 92,586, with the
abundance of age 3 and 4 fish unknown (Table 14) and the return from the 1982
brood year was at least 90,723 with age 3 fish unaccounted for. As for the
early run, these two brood years are responsible for the large late runs of
chinook salmon in the Kenai River in 1986, 1987 and 1988 (Tables 8 and 14).
The weak returns from the 1983, 1984 and 1985 brood years have contributed to
the small late runs seen in the Kenai River in 1989 and 1990 (Tables 8 and
14).

A mean of sibling ratios estimated using data collected during the 1985-1989
seasons (Table 15) was used to calculate expected returns by age class for the
1990 season and compared to the observed return in 1990 (Table 16). The
percent difference between observed and expected returns expressed as a
percentage of the expected return ranged from 29-447% for the individual ages
but was only 19% for the total return. The observed total run strength was
39,656 for the late run in 1990, which was 6,445 higher than the expected
return of 33,517 salmon (Table 16). The observed return was well within the
confidence of the forecast.

We used sibling ratios estimated from data collected during the 1985 through
1990 seasons to estimate the 1991 late-run return. The expected late-run
return in 1991 is 43,482, with relative precision of the 95% confidence
interval at 30% (Table 16).
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Table 7. Expected and observed 1990 return and expected
1991 return of early-run Kenai River chinook

salmon
Return at age
4 5 6 7 Total
1990
Expecteds 1,514 4,576 7,616 1,213 14,920
SE 1,017 1,905 4,280 232 5,113
Observed 800 2,818 6,540 648 10,806
Difference
Obs. -Exp. -714  -1,758  -1,076 -565 4,114
% of Exp. 47 38 14 47 28
1991
Expectedd 1,371% 4,363 8,085 471¢ 14,291
SE 801 1,568 2,741 100 3,632

a  Expected returns for 1990 were calculated using using
sibling ratios calculated from the 1985-1989 returns.

b Mean of previous returns at age 4.
Calculated using ratio of age 7 to age 5+6 because SE
could not be calulated for 1985-1989 mean ratio of age 7
to age 4+5+6.

d Expected returns for 1991 were calculated using sibling
ratios calculated from the 1985-1990 returns.

¢ Calculated using ratio of age 7 to age 4+45+6.
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Table 8. Estimates by age class of the total return of late-run Kenai River chinook salmon,
1986-1990.
Age Class
Year 0.2 .3 b .5 1.1 1.2 1.3 1.4 1.5 .6 1 .2 2.3 2.4 Total
1986
Estimated Number 43 43 22 22 260 12,017 35,314 29,039 2,774 22 43 43 152 43 79,837
SE 24 24 17 17 60 3,436 9,106 6,482 776 17 24 24 46 24 19,458
1987
Estimated Number 0 0 0 0 361 3,635 22,427 46,813 775 99 51 44 97 58 74,359
SE 75 315 796 823 173 70 51 23 57 50 0
1988
Estimated Number 0 0 35 0 454 2,235 4,116 51,233 10,120 0 0 46 15 101 68,356
SE 17 72 241 375 820 735 23 13 36 0
1989
Estimated Number 0 0 0 0 108 5,052 6,193 24,906 4,887 76 0 34 0 13 41,270
SE 38 438 468 662 456 69 24 13 0
1990
Estimated Number 0 11 11 0 65 5,749 6,572 25,237 1,841 0 45 23 23 79 39,656
SE 10 10 22 480 519 655 307 19 14 14 26 0
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Estimates by age class of the number of chinook salmon harvested in the Central District drift

Table 9.
net and Upper Subdistrict set net fishery, 1986-1990.
Age Class
Year 0.2 0.3 0.4 0.5 1.1 1.2 1.3 1.4 1.5 1.6 2.1 2.2 2.3 2.4 Total
1986
Estimated Number 43 43 22 22 260 4,978 8,008 7,251 714 22 43 43 152 43 21,644
SE 24 24 17 17 60 238 300 289 99 17 24 24 46 24 0
1987
Estimated Number 0 0 0 356 2,726 8,770 12,897 241 0 0 44 97 8 25,139
SE 75 236 386 400 73 23 57 6 0
1988
Estimated Number 0 35 0 445 1,604 2,186 10,381 273 0 0 46 15 101 15,086
SE 17 72 137 158 206 59 23 13 36 0
1989
Estimated Number 0 0 100 1,906 2,313 5,608 958 0 0 34 0 0 10,919
SE 37 155 163 198 110 24 0
1990
Estimated Number 0 11 11 0 57 1,413 1,425 1,606 158 0 45 23 23 79 4,851
SE 10 10 22 92 92 95 36 19 14 14 26 0




_{73_

Deep Creek

Table 10. Estimates by age class of the number of late-run chinook salmon harvested in the
marine sport fishery, 1986-1990.
Ace Class
Age Class
Year 0. 1.2 .3 .4 5 1.6 2.1 2.2 2.3 2.4 Total
1986
Estimated Number 30 165 375 60 0 0 0 0 0 630
SE 22 72 144 35 230
1987
Estimated Number 11 250 797 34 0 0 0 0 0 1,097
SE 5 21 22 9 NA
1988
Estimated Number 3 42 992 215 0 0 0 0 0 1,262
SE 3 11 25 23 NA
1989
Estimated Number 13 141 922 205 0 0 0 0 13 1,294
SE 13 73 418 101 13 NA
1990
Estimated Number 128 209 819 155 0 0 0 0 0 1,318
SE 21 26 35 23 NA




Estimates by age class of the number of late-run chinook salmon in the in-river return to the

Table 11.
Kenai River, 1986-1990.
Age Class
Year 0.2 0.3 0.4 0.5 1.1 1.2 1.3 1.4 1.5 1.6 2. Total
1986
Estimated Return 0 0 0 0 0 7,009 27,141 21,413 2,000 ] 0 0 57,563
SE 3,428 9,101 6,474 769 19,457
1987
Estimated Return 0 0 0 0 0 898 13,407 33,119 500 99 51 50 48,123
SE 209 696 719 157 70 51 50 0
]
tj 1988
' Estimated Return 0 0 0 0 0 628 1,888 39,860 9,632 0 0 52,008
SE 198 340 793 732 0
1989
Estimated Return 0 0 0 0 8 3,129 3,734 18,365 3,722 76 0 29,035
SE 8 409 437 629 440 69 0
1990
Estimated Return 0 0 0 0 0 4,204 4,934 22,808 1,528 0 33,474
SE 471 510 647 304 0
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Table 12. Estimates by age class of the late-run Kenai River chinook salmon spawning escapement, 1986-

1990.
Age Class Hook and
Total Release
Year 0.2 0.3 0.4 0.5 1.1 1.2 1.3 1.4 1.5 1.6 2.1 2.2 2.3 2.4 Aged?® Mortalityb Total
1986
Estimated Number 0 0 0 [0} 0 6,096 23,634 17,340 1,525 0 0 0 [ 0 48,559 522 48,037
SE 26 3,431 9,105 6,480 775 19,462 220 19,463
1987
Estimated Number 0 0 0 0 s} 771 10,620 24,226 120 99 51 0 0 50 35,886 368 35,518
SE 36 217 755 944 186 70 51 50 769 174 788
1988
Estimated Number o} 0 0 0 0 586 1,299 26,095 6,643 0 [0} 0 0 0 34,496 472 34,024
SE 73 202 375 1,190 819 1,036 225 1,060
1989
Estimated Number 0 1} 0 0 8 3,039 2,740 11,859 2,276 76 0 0 0 0 19,908 327 19,581
SE 8 419 525 859 559 69 90 582 148 601
1990
Estimated Number o} 0 0 0 1} 3,429 3,821 19,218 794 0 0 0 0 0 27,227 141 27,086
SE 26 467 519 716 327 445 65 450

a For some age classes in some years, the estimate of the number harvested in the sport fishery is
greater than the estimate of the number in the in-river return. The spawning escapement for the age
class in this case was set to zero. When this occurred, the total spawning escapement (calculated by
subtracting total sport harvest from total in-river return) is not the sum of the spawning escapements
across age classes.

b  The rate of mortality due to hook and release is known to vary by size and sex of fish, but the exact

age composition of fish killed by hook and release is unknown.
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Table 13. Estimates by age class of the number of late-run chinook salmon harvested in the Kenai River
sport fishery, 1986-1990.
Age Class
Year 1.1 1.2 1.3 1.4 1.5 1. 2.4 Total
1986
Estimated Number 37 913 3,507 4,073 475 0 9,004
SE 26 131 266 289 94 458
1987
Estimated Number 51 127 2,787 8,893 380 0 12,237
SE 36 57 292 611 99 769
1988
Estimated Number 126 42 589 13,765 2,989 0 17,512
SE 73 42 159 887 368 1,036
1989
Estimated Number 0 90 994 6,506 1,446 90 9,127
SE 90 291 585 345 90 582
1990
Estimated Number 37 605 989 3,884 733 0 6,247
SE 26 109 142 322 121 445




Table 14. Number of late-run Kenai River chinoock salmon
returning from each brood year, 1986-1990.

Return at Age

Brood Spawning

Year Escapement. 3 4 5 6 7 8 Total
1978

Estimate NA® 22 22
SE 17 17
1979

Estimate NA? 2,818 99 2,917
SE 776 70 780
1980

Estimate NA? 29,212 833 0 30,045
SE 6,482 181 0 6,485
1981

Estimate Na2 35,379 46,910 10,221 76 92,586
SE 9,106 825 736 69 9,173
1982

Estimate Na? 12,104 22,471 51,248 4,900 0 90,723
SE 3,473 796 820 456 0 3,650
1983

Estimate NA® 303 3,686 4,197 24,906 1,920 35,013
SE 64 319 376 662 308 884
1984

Estimate 31,796 361 2,235 6,227 25,259 34,082
SE 75 241 469 655 844
1985

Estimate 21,708 454 5,052 6,606 12,112
SE NA 72 438 519 683
1986 ‘

Estimate 48,037 108 5,806 5,914
SE 19,463 38 481 482
1987

Estimate 35,518 65 65
SE 788 22 22

a  Spawning escapements for 1978-1983 are not available.
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Table 15. Sibling return ratios for late-run Kenai River chinook salmon
from brood years 1980-1986.

Brood Age 4/ Age 5/ Age 6/ Age 6/ Age 7/ Age 7/ Age 7/

Year Age 3 Age 4 Age 5 Age 445 Age 6  Age 5+6 Age 44546
1980 NA2 NA NA NA 0.03 NA NA
1981 NA NA 1.32 NA 0.22 0.12 NA
1982 NA 1.86 2.28 1.48 0.10 0.07 0.06
1983 12.17 1.14 5.93 3.16 0.08 0.07 0.06
1984 6.19 2.79 4.06 2.99 NA NA NA
1985 11.12 1.31 NA NA NA NA NA
1986 53.76 NA NA NA - NA NA NA

Mean sibling ratio using 1985-1990 return data?

Mean 20.81 1.77 3.40 2.54 0.10 0.09 0.06

SD 22.22 0.82 2.06 1.08 0.08 0.04 0.01

%CVP 107 46 61 42 78 42 14
Maximum 53.76 2.79 5.93 3.16 0.22 0.12 0.06
Minimum 6.19 1.14 1.33 1.48 0.03 0.07 0.06
Mean sibling ratio using 1985-1989 return data®

Mean 9.83 1.93 3.18 2.32 0.11 0.10 0.06

SD 3.89 0.91 2.46 1.20 0.10 0.04

NA = not available.

Used to predict 1991 returns.
Percent coefficient of variation.
Used to predict 1990 returns.

o oo
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Table 16. Expected and observed 1990 return and expected
1991 return of late-run Kenai River chinook
salmon.

Age at return
3 4 5 6 7 Total
1990
Expected® 306> 1,061 9,736 19,639 2,775¢ 33,517
SE 146 437 2,778 7,274 881 7,848
Observed 65 5,806 6,606 25,259 1,920 39,656
Difference
Obs. -Exp. -242 4,745 -3,130 5,620 -855 6,445
% of exp 79 447 32 29 31 19
1991
Expectedd 258b 1,353 10,289 29,637 1,950e 43,488
SE 166 819 2,512 7,453 196 7,912

a Expected returns

calculated for 1985-1989 ratio of age 7 to age 4+5+6.

d Expected returns

for 1990 were calculated wusing
calculated from the 1985-1989 returns.

b Mean of previous returns at age 3.
Calculated using ratio of age 7 to age 5+6 because SE could not be

for 1991 were calculated using
calculated from the 1985-1989 returns.
¢ Calculated using ratio of age 7 to age 4+5+6.
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DISCUSSION

Age compositions for the in-river return are only available since 1986 and so
the first brood year returns available are for the 1979 spawners. Total
return and spawning escapement are only available for the Kenai River chinook
salmon since 1985. The estimated spawning escapement has been under the
escapement goals set in 1988 in two of six years since 1985 for the early run
(1985 and 1988) and once for the late run (1989). The estimated escapements
have exceeded the goal by over 50% in one year (1986) for the early run and
three years (1986-1988) for the late run. Complete returns are available for
the 1982 and 1983 brood years, and the first complete brood year return for a
known escapement, 1985, will be available after the 1992 season. This
database will eventually provide return-per-spawner estimates and allow the
evaluation of the escapement goals.

The trends in brood year return are similar for both the early and late runms.
Although the data are incomplete it is obvious that the returns from the 1981
and 1982 escapements were large (Tables 5 and 14), but the size of those
escapements are unknown. Subsequent brood year returns, from escapements in
1983 and later, are smaller in size. The sibling ratios observed for the
early and late runs are very variable, and it is too early to evaluate their
usefulness in the prediction of the total size of a brood year return.
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